Green banana (Musa spp.) and papaya (Carica papaya), which are commonly consumed as vegetables, are fruits with lots of health benefits. Due to their various medicinal applications, both the fruits are likely to contain antimicrobial properties. In this regard, present study was undertaken to determine the microbiological quality as well as the anti-bacterial traits of fresh green banana and papaya. To serve the purpose, a total of 12 samples (6 green bananas and 6 green papaya) were collected from different local and super shops as well from cultivation land of some villages of Bangladesh. The samples contained the microbial contamination with viable bacteria and fungi up to 10 7 cfu/g and 10 3 cfu/g. Among the pathogenic bacteria, Staphylococcus spp. Pseudomonas spp. and Vibrio spp. were predominant as found in most of the samples in average of 10 2 cfu/g. Whereas Escherichia coli, Salmonella spp. and Shigella spp. were totally absent in all the samples. On the other hand, Klebsiella spp. was present in same samples. Additionally, the anti-bacterial poverties of the samples were chalked out. The in-vitro antimicrobial activities of the ethanolic, methanolic and hot water extracts of the samples were noticeably found against all the tested bacteria. Overall, present study revealed that both the green fruit samples were highly contaminated although they have antimicrobial activities. Thus, consumers' awareness on the risk of consuming pathogen contaminated vegetables needs to be re-awakened and further investigations are required for potential antimicrobial properties.
Microbiological analysis and determination of antimicrobial traits of green banana (Musa spp.) and papaya (Carica papaya)
The consumption of fresh fruits has increased around the world on account of the nutritional value and the ease of availability (1) . Raw fruits and vegetables confer healthy human life by providing proteins, carbohydrates and many vitamins, minerals (2) . However, in current years, food safety concern of these fresh produce is one of the major concern in the developing countries (3, 4) . In nutritional, health, and economic point of view, the consumption of fresh vegetables and fruits need to be increased by ensuring food safety.
Banana (Musa spp.) is one of popular tropical fruits cultivated in over 122 countries and is ranked as third most cultivated crops worldwide (5-7). Green banana or plantain represents an agriculture product with 22% carbohydrates of total fruit weight and constitutes largely of vitamins A, B6, C, minerals and dietary fibre (8, 9) . This vegetable is known to provide significant quantity of carbohydrates and calories in our daily diet globally (10) . On the other hand, papaya (Carica papaya) is a special fruit crop having high nutritional value and potential for both fresh and processed market uses. Papaya exceeds apple, peach, and grapes in o Received 09 September 2018/Accepted 08 October 2018 vitamins, minerals, amino acid, and food energy values as a fruit source. The green fruit is evident to comprise of protein, fat, carbohydrate, fiber, ash, Ca, P, Fe, Na, K, betacarotene equivalent, thiamine, riboflavin, niacin, ascorbic acid and Vitamin E. It has also been found to contain sinigrin, the enzyme myrosin, and carpasemine (11) .
Various vegetables get contaminated with microorganisms largely from different factors such as resident microflora in the soil, application of nonresident microflora via animal manures, irrigation water or sewage, transportation and handling by individual retailers (1, 12, 13 (14) . Especially in the developing countries use of untreated waste-water and manure as fertilizers for the production of vegetables is regarded as a major contributing factor to contamination (3, 4) . Fresh vegetables and fruits are usually washed or treated specifically to minimize microbial load. However, the lack of effective antimicrobial treatments at any step from planting to consumption results in the presence of contaminating pathogens in the final product (1 (15) . Banana could be a good source of natural antioxidant against cancer and heart disease (16) . Antifungal and antibiotic traits are found in the peel and pulp of fully ripe bananas. Fungicidal activity in the peel and pulp of green fruits is found against a fungus disease of tomato plants (17) . Norepinephrine, dopamine, and serotonin are also present in the peel and pulp of bananas (15, 16) . On contrary, the leaves, fruits and latex obtained from the papaya plant have medicinal uses. The fruit has been found to contain certain immunestimulating and anti-oxidant agents. Papaya has many biologically active compounds including chymopapain and papain, which helps in digestion (18) . Papaya root, seed and leaf extracts possess highly anti-tumor and pesticidal properties (19) . The green papaya is used for the cure of ulcer and impotence (20) . The unripe fruits have uses as antiseptic, in cleansing the intestines from bacteria and enabling the intestine to absorb vitamin and minerals especially vitamin B12 (21) . Secondary metabolites such as alkaloids, flavonoids, saponins and tannins in green papaya are serving as a potent free radical scavenger and are antimicrobial in action (22) .
Considering all these fact, the study was carried out to investigate the microbiological quality and antimicrobial traits of fresh green bananas and papaya. Samples were collected from different areas in Bangladesh and tested for the presence of antibacterial activity through agar well diffusion method following ethanolic, methanolic and hot water extraction. Inoculation and enumeration of microorganisms. Spread plate technique was used to inoculate the samples on various culture media for enumeration of microorganisms. Melted medium is poured in a petri dish and allow solidifying. For the growth of total viable bacteria and fungi, 0.1 ml of samples from 10 -3 and 10 -5 dilutions was added to nutrient agar medium (NA) and Sabouraud's dextrose agar (SDA) plates. From dilution 10 -3 , 0.1 ml sample was added to MacConkey agar (MAC), Mannitol salt agar (MSA) and Pseudomonas agar (PA) for the isolation and enumeration of specific bacterial pathogens. All media were incubated at 37 o C for 24 hours and SDA were incubated at 25 o C for 24-48 hours for total viable fungi (23) (24) (25) (26) (27) (28) (29) .
MATERIALS AND METHODS
For the enrichment of Salmonella, Shigella, and vibrio spp., 10 ml of sample was transferred into 90 ml of selenite cysteine broth (SCB) and alkaline peptone water (APW), respectively and incubated at 37 o C for 6 hours (30) (31) (32) (33) . After incubation , the samples were diluted up to 10 -6 and then 0.1 ml of samples from the dilution 10 -3 and 10 -5 of each of the samples was spread onto Salmonella-Shigella (SS) agar and thiosulfate citrate bile salt sucrose (TCBS) o (TCBS) agar for the isolation of Salmonella spp. and Shigella spp., and Vibrio spp., consecutively. Plates were incubated at 37 o C for 24 hours for the detection of typical colonies (23) (24) (25) (26) (27) (28) (29) .
Preparation of the samples for extraction and conduction of antimicrobial assay. The dried powder form of samples were prepared through grinding and added 10 g of powder in 100 ml of ethanol and methanol in Durham's bottle which were kept in shaking water bath at 130 rpm for 24 h. at 24 °C. Afterward the extract solution was filtered and the pellet of the samples were collected to observed their anti-bacterial properties against different pathogenic strain (34) by agar well diffusion method (24, 30, 35, 36) . At first the lawns of bacterial suspensions (10 5 cfu or 0.5 OD measured by spectrophotometer) including Escherichia coli, Pseudomonas spp., Shigella spp., Vibrio spp., Klebsiella spp., Staphylococcus aureus, and Salmonella spp. were prepared and 100μl of the hot water extract, ethanol-and methanol extracts at a concentration of ~11.1mg/ml each were introduced into the wells. Absolute ethanol and methanol were used as negative controls while the antibiotic discs of gentamicin (10 μl) were used as positive control. Plates were incubated at 37 °C for 12-18 hours and examined for formation of the zone of inhibitions (mm).
RESULTS AND DISCUSSION
Microbial quality of green bananas and papaya samples. In present study microbial contaminations were evident. All the samples were found to harbor viable bacteria in a range of 10 4 to 10 7 cfu/g, while fungi were present with in a range of 10 2 to 10 3 cfu/g ( Table 1 ). All the samples conferred the presence of pathogenic bacteria to some extent. Both green bananas and papaya samples, Staphylococcus spp., Pseudomonas spp. and Vibrio spp. (after enrichment) were predominantly present in all the samples in a range of 10 2 to 10 3 cfu/g. However, Klebsiella spp. was found only in two green banana samples. On the other hand, all papaya samples harbor Klebsiella spp. within a range of 10 2 to 10 3 cfu/g except one sample collected from super shop. No fecal and E. coli contamination was found in any samples. Even after enrichment, Salmonella spp. and Shigella spp. was totally absent in all the samples tested ( Table 1) . Presence of huge loads of microorganisms in green bananas was documented in previous studies (37) (38) (39) (40) . Findings of the green papaya samples were also in cohort with the previous studies (41) (42) (43) . Pathogenic proliferations in the green bananas and papaya samples were indicative of improper handling during harvesting, processing, distribution or storage (24, 44, 45) .
In vitro anti-bacterial activity of green banana and papaya samples. Several specialist of herbal and traditional medicines claim the presence of therapeutic properties in preparations from unripe papaya (Carica papaya) ignoring the potential dangers associated with the preparations especially when not consumed fresh (11) . The presence of glycosides and alkaloids in banana make them a suitable option in the treatment of some bacterial infections such as cough, fever, cold and venereal diseases (21) . The current study was undertaken to investigate the antimicrobial traits of green bananas and papaya samples.
The present investigation revealed that all the samples exhibited antibacterial activity against most of the laboratory strain (Table 2 & 3) . In most cases, the hot water extract of the samples showed no antibacterial . activity. On the other hand, ethanolic and methanolic extracts of the samples were found to be effective in eliminating pathogens. Only Vibrio spp. was not eliminated by any of the extracts of both samples except green banana from super shops. Overall, all the other samples showed their potential to have antibacterial activity in eliminating pathogens (Tables 2 & 3) . Several studies found significant antimicrobial activity in papaya and bananas against different pathogenic microorganisms (11, 21, 46, 47) .
CONCLUSIONS
Presence of pathogenic bacteria in extensive amount in fresh fruits or vegetables is not desirable in any condition which may cause food-borne illness in human. Government should take some necessary steps in agriculture sector to reduce the health risk factors by food-borne illness. Collectively, all the samples exhibited significant antibacterial activity as revealed from agar well diffusion method. However, presence of anti-bacterial traits of the samples ensured presence of antibacterial substance in fruits samples. Despite the significant progress made in microbiology and the control of microorganisms, drug resistant microorganisms have become a major threat to public health. The use of medicinal fruits or vegetables with antimicrobial activity requires more attention to combat the situation.
